INTRODUCTION
Phylogenetic studies on the vertebrate immune system have revealed a remarkable conservation of immune functions (Du Pasquier, 1989 al., 1991) . Perhaps with the exception of the clawed toad, Xenopus sp., the cellular mechanisms of immunity (Clem et al., 1991) as well as the structure and genetic organization of immunoglobulins (reviewed in Wilson and Warr, 1992) among the lower vertebrates is best understood in the channel catfish. In an attempt to further dissect the intricacies of the teleost immune system, we have recently described an experimental system to study the role(s) of antigen processing and presentation in the channel catfish (reviewed in Vallejo et al., 1992a requires steps akin to antigen processing and presentation. As in mammals (Yewdell and Bennick, 1990) , these immunologic events in catfish (a) require viable antigen-presenting cells (APC); (b) are inhibited with lysosomotropic agents, protease inhibitors, and ionophore, and (c) involve degradation of nominal antigen (Vallejo et al., 1990 (Vallejo et al., , 1991a (Vallejo et al., , 1991b . In addition, the requirement in catfish for antigen processing can be bypassed by the presentation of peptide fragments (derived by in vitro chemical cleavage of nominal antigen) by fixed APC to autologous responders (Vallejo et al., 1991b) . These results suggest that antigen processing by catfish APC likely involves endosomal (or phagolysosomal) compartments. Furthermore, the ability of antigen-pulsed and fixed APC to elicit antigenspecific in vitro immune responses by autologous peripheral blood leukocytes (PBL) also suggests that the end result of intracellular processing of nominal antigen likely involves reexpression of immunogenic peptides on the surfaces of APC. Consequently, the current study was conducted to ascertain the subcellular localization of antigen within catfish APC during processing and to determine whether or not the stimulatory capacity of antigen-pulsed APC is truly attributable to "naturally processed" antigens.
RESULTS
Antigen Uptake by Catfish APC is an Active Endocytic Process
As demonstrated in previous studies (Vallejo et al., 1990 (Vallejo et al., , 1991b (Vallejo et al., , 1992b (Fig. 4) (Vallejo et al., 1990 (Vallejo et al., , 1991a (Vallejo et al., , 1991b (Vallejo et al., , 1992b (Allen, 1987; Harding et al., 1988; Yewdell and Bennick, 1990) . Enzymes, especially cathepsins, catalyze the degradation of numerous antigens (and particulate materials) that localize within these organelles Werdelin et al., 1986; Puri and Factorovich, 1988; Takahashi et al., 1989; Diment, 1990) . Consequently, it is highly unlikely that disappearance of antigen from endosomes/lysosomes (as shown by the current data) was due to redistribution of antigen (to other subcellular compartments) without concomitant degradation. Similar enzymatic events are presumed to occur in catfish APC. This notion is supported by previous studies (Vallejo et al., 1990 (Vallejo et al., , 1991a (Vallejo et al., , 1991b (Harding et al., 1988; Harding, 1991) . As previously alluded to, the endosomes are also the sites of interaction between molecules of the major histocompatibility complex (MHC) and "processed" antigen (Guagliardi et al., 1990; Neefjes et al., 1990 (Vallejo et al., 1990 (Vallejo et al., , 1991a (Vallejo et al., , 1991b (Vallejo et al., , 1992b . Second, proliferative responses elicited with prefixed peptide-incubated APC corroborate previous findings that nominal antigen, but not fragments thereof, requires processing steps (Vallejo et al., 1991b) . Third, cell-free antigen presentation by catfish APC membranes strongly supported the notion that antigen processing by APC results in the exposure of epitopes that become reexpressed on APC membranes for presentation to specific lymphocytes, unequivocally similar to the situation in mammals. The stimulatory capacities of such membrane preparations must be attributable to "naturally-processed" antigens (i.e., immunogenic peptides). As the data showed, immune catfish PBL underwent proliferation only in the presence of membranes from antigen-pulsed APC, but not from unpulsed APC or prefixed APC incubated with nominal antigen. Similar observations have been reported in both murine and human systems using crude APC-membrane preparations, chemically defined planar membranes, or liposomes containing purified MHC molecules and immunogeneic peptides (Albert et al., 1982; Brian and McConnell, 1984; Coeshott and Grey, 1985; Walden et al., 1985) . Although catfish MHC molecules remain to be isolated, APC membranes used in this study likely contained MHC or MHC-like determinants requisite for the immunologic recognition of antigen. As previously demonstrated, catfish APC contain allo-determinants that are serologically distinguishable and have putative antigen-presenting function (Vallejo et al., 1991c) . Such studies showed that anti-APC alloantisera block the proliferation of immune catfish PBL cocultured with antigen-pulsed and fixed autologous APC. Other studies (Vallejo et al., 1990 (Vallejo et al., , 1991b (Vallejo et al., , 1991b have also shown that allogeneic, but not autologous, mixtures of immune PBL and APC result in vigorous mixed leukocyte r.eactions, but not TD antigen-specific in vitro antibody responses. Clearly, induction of catfish immune responses is determined both by antigen and by APC-encoded "self'-determinants (Vallejo et al., 1991c) .
MATERIALS AND METHODS

Antigens.
The native proteins, pigeon heart Cytochrome C (pCytC), horse striated muscle myoglobin (EqMb), and hen egg lysozyme (HEL) (Sigma Co., St. Louis, MO) and pCytC peptide were used as previously described (Vallejo et al., 1991b) . pCytC peptide 81-104 was either derived by CNBr fragmentation (Corradin and Harbury, 1970; Vallejo et al., 1991b) Johnson and Holborow, 1978; Miller and Clem, 1984; Miller et al., 1986; Vallejo et al., 1992b ).
Catfish Monocyte Lines. As in previous studies (Vallejo et al., 1991a (Vallejo et al., , 1991b (Cuchens and Buttke, 1984; Yang et al., 1988 (Ohkuma and Poole, 1978; Yang et al., 1988) . Lysosomotropic agents like chloroquine, which raise intracellular pH (Ohkuma and Poole, 1978; Ziegler and Unanue, 1982; Seglen, 1983; McCoy, 1990), usually permit recovery of the signal. In contrast, crystal violet quenches surface fluorescence (Ma et al., 1987) (Aronson and Touster, 1974) , succinate reductase (for mitochondria; determined by reduction of piodonitrotetrazolium violet, INT) (Graham et al., 1990) , and ]/-glucuronidase (for lysosomes; determined by phenolphthalein release from phenolphthalein-]/-D-glucuronide) (Barrett and Heath, 1977 (Burton, 1956 Watts et al. (1984) . Briefly, 1 mg pCytC was added to APC suspensions (1x107 C4 cells/ml) and incubated overnight at 27C. Cells were harvested, pooled, and extensively washed by centrifugation. The cell pellet was resuspended in cold hypotonic imidazole buffer (pH 8.0) and subjected to 10 freeze-thaw cycles (i.e., freeze in liquid nitrogen and thaw in a 37C water bath). Cellular debris was removed by centrifugation at 4C for 5 min at 1000 g. The supernatant was transferred to a sterile ultracentrifuge tube (Nalgene polyallomer tubes, 100,000 g RCF rating; Nalge Co., Rochester, NY) (Vallejo et al., 1991b) .
PBL from a pCytC-immune catfish (i.e., the catfish from which the C4 monocyte line was derived) were isolated as previously described (Miller and Clem, 1988; Vallejo et al., 1990 Vallejo et al., , 1991a Vallejo et al., , 1991b (Vallejo et al., 1991a (Vallejo et al., , 1991b .
